Introduction {#s1}
============

Since ancient times arts have been used for therapeutic purposes to enhance health. Hippocrates played music for his mental patients and Aristotle described music as a force that purified the emotions [@pone.0082721-Misic1]. In the thirteenth century, Arab hospitals also contained music-rooms for the benefit of the patients [@pone.0082721-Antrim1]. Since that time, colleges and universities developed programs to train musicians how to use music for therapeutic purposes. Also today, acoustic, literary and visual arts are used to improve the health conditions in chronically ill patients [@pone.0082721-Kelly1]-[@pone.0082721-Nanda1]. Current research has shown favourable effects of engaging in arts on health, via several mechanisms such as reducing stress, anxiety, pain and blood pressure or improving the immune response and quality of life [@pone.0082721-Cohen1]. Via such mechanisms, artistic interventions can increase general health, decrease doctor visits, and reduce medication use and improve strategies to cope with chronic diseases [@pone.0082721-Kelly1], [@pone.0082721-Cohen1].

Many of the above described effects of arts on health, are also known to affect the ageing process. High levels of stress, blood pressure or anxiety, have been found to increase the risk of ageing-related diseases, such as cardiovascular disease [@pone.0082721-Steptoe1], [@pone.0082721-Merz1]. In addition, lower stress and anxiety are strongly linked with better well-being, which again is associated with longevity [@pone.0082721-Danner1]--[@pone.0082721-Perenboom1]. It is therefore of interest to study the long term effects of performing arts on life expectancy. Up to now, this has been only studied on the short term, and the effect of practicing arts on ageing and life expectancy remains unknown. One earlier historical study [@pone.0082721-VanPoppel1] has shown that visual artists enjoyed a life expectancy that was similar to the life expectancy of the elite, but the question remained whether this was due to their artistic profession or due their socioeconomic status or other determinants. No studies have been performed on the life expectancy of other artists.

Therefore, we studied the relation between long-term involvement in arts and life expectancy at age 50, in a unique historical cohort of 12,159 male artists from different disciplines, who were born between 1700 and 1899. By studying different groups and types of artists we gain more insight in whether the observation that visual artists have a similar life expectancy as the elite is a true 'art-effect' or an 'artefact' of socioeconomic status, selection or other another determinant. This is the first time that the historical life expectancy of different artists is studied in relation to each other and the elite. The aim of this study was to examine ageing-related or senescent mortality, which increases with age more than non-ageing, accident- related mortality, which is also described as background mortality that does not rise with age [@pone.0082721-Bongaarts1]. A better understanding of the possible favourable effects of engaging in arts on ageing is of great interest, since it could point to possible public health interventions that not only increase the length but also the quality of life.

Materials and Methods {#s2}
=====================

Data {#s2a}
----

We retrieved data from three different databases. Because of the small number of female artists in historical times, we have only studied male artists. Also, because we are interested in ageing-related or senescent mortality and not in child or background mortality, we confined the analysis to people who lived at least till 25 years of age.[@pone.0082721-Bongaarts1] The Dutch Music Institute (Nederlands Muziek Instituut, The Hague) [@pone.0082721-Nederlands1] provided data of 1,543 acoustic artists, comprising both composers (81.7%) and musicians (19.3%). From the total of 1,543 acoustic artists, the sample was reduced by removing the individuals for which the birth year was unknown (125) and additionally those for whom the year of death was unknown (211). Finally, because we place the restriction that the artists should have survived up till age 25, we removed 54 acoustic artist who died before age 26, resulting in a remaining group of 1,153 acoustic artists that we included in our analysis. Next, the Biographic Portal (Biografisch Portaal), a national institute which collects scientific information about leaders and prominent figures from Dutch history, provided a group of 742 literary artists [@pone.0082721-Biografisch1]. The group of literary artists consists mainly of poets. From the total of 742 literary artists, the sample was reduced by removing 67 individuals who were born before 1700 and 75 were born after 1899. From the remaining 600 literary artists, we excluded 92 women (we only focus on men). Next, 3 literary artists died before age 26, which resulted in a final sample of 505 literary artists. We derived data of 13,942 visual artists from the RKD-artists database, hosted by the Dutch Institute for Art History (Rijksbureau voor Kunsthistorisch Documentatie, The Hague) [@pone.0082721-Rijksbureau1] This database exists of painters (87,8%) and sculptors (12,2%). For an extensive description of the visual artist data we refer to an earlier study [@pone.0082721-Rijksbureau1]. From the total of 15,419 visual artists Van Poppel et al. [@pone.0082721-VanPoppel1] used, we removed those who were born before 1700 (3,339) and born after 1899 (1,477) and those who died before age 26 (102). We ended up with a sample of 10,501 visual artists. Finally, we obtained 9,388 elite individuals from the Biographic Portal [@pone.0082721-Biografisch1]. This group contained individuals from several occupational fields, including church, education, science, government, nobility and royals, trade and industry, defence forces, judicial system and colonial overseas. The largest subgroup among the elite was from Church, i.e. 2,765 people (31.6%). The majority of all groups consisted of men (78.4--96.4%). From the total of 9,388 elite individuals, we excluded 2,697 who were born before 1700 and 579 who were born after 1899. From the remaining 6,112 elite, we excluded 167 women. From the residual 5,945, 20 died before age 26 and we finally included 5,925 in our analysis.

Historical data on individuals from the middle class were only available for the most recent birth cohorts from 1850--1899. We use data that relate to the country as a whole, thus we can take into account the situation of people living in a variety of ecological, social, and economic circumstances, covering the countryside and small and big towns. For this study we have used data collected in the framework of the Historical Sample of the Netherlands (HSN). From the total of 3,996 individuals in that sample, 1,101 were classified as being middle class. Of these individuals 24 died before age 26 and hence we included 1,077 people in our analysis. For a detailed description of these data and how the socioeconomic status was assessed we refer to an earlier publication by Schenk & van Poppel [@pone.0082721-Schenk1].

All databases are available on request. The birth cohorts covered by these databases lived from the 18^th^ century until the end of the 1900s. Every individual is only once assigned to a group in the database. Hence, there is no overlap between the groups. It is possible that some elite people also practiced arts occasionally, but if such an elite person practiced arts more professionally, he would have been in the artist-database.

By studying the life expectancy at age 50, we have tried to reduce the effect of background mortality, such as early deaths due to child disease, and at middle age and other non-ageing related diseases. Additionally, by studying life expectancy at age 50, we overcome a survivor treatment selection bias, also known as 'immortal time bias'. In the case of artists for instance, they have to survive up to a certain age in order to become successful and famous artist. A recent example from the literature is a study that suggested a survival advantage for Oscar winners, which appeared to be attributable to 'immortal time bias' [@pone.0082721-Redelmeier1], [@pone.0082721-Sylvestre1].

Statistical analysis {#s2b}
--------------------

We carried out separate analyses by four different birth cohort groups: people born between 1700 to 1749, born between 1750 to 1799, born between 1800 to 1849, and born between 1800 to 1899. The data were analyzed using Gompertz hazard models for each discipline and cohort separately. Based on the estimated model we calculated the implied life-expectancy. For the visual artists we sometimes knew only an interval, sometimes 10 years wide, in which they were born and/or died. We used a previously published method to account for this interval censoring [@pone.0082721-Gompertz1].

In analyses of human mortality a Gompertz distribution [@pone.0082721-Gompertz1] is known to fit well [@pone.0082721-Gavrilov1]--[@pone.0082721-Lenart1]. This distribution has two parameters, a shape α and a scale parameter β. The hazard rate, the force of mortality, at age *t* increases exponentially over the life span, . The density, *f*, and the survival, *S*, for a duration *t*, in a Gompertz distribution are:Based on the observed years of birth and death we calculated the implied age of death. For the visual artists we sometimes knew only an interval, sometimes 10 years wide, in which they were born and/or died. In those situations a *minimum* length of life and a *maximum* length of life could be derived. When the date of birth was known exactly but the death was only recorded as occurring within a given interval the *minimum* length of life was calculated as the difference between the date of birth and the earliest date of death reported, and the *maximum* length of life as the difference between the date of birth and the latest date of death. When the date of death was known exactly but the date of birth was recorded as occurring within a specific time-interval, the *minimum* length of life was calculated as the period from the last possible date of birth until the date of death and the *maximum* length of life as the period from the earliest possible date of birth until the date of death. Finally, when both the date of birth and the date of death were known only approximately and both were recorded as falling within particular time intervals. In such cases, the *minimum* length of life was calculated as the period from the latest date of birth until the earliest date of death, and the *maximum* length from the earliest date of birth until the latest date of death. In Van Poppel et al. [@pone.0082721-VanPoppel1] the procedure to account for this type of interval censoring are discussed in detail.

In addition, by making it a condition that an individual must have already survived to the age of 25, it is possible to take into account the fact that, to be recognised as an artist, an individual needs to have lived long enough to have produced a notable piece of art.

To estimate the parameters of the model we maximized the joint likelihood, which is the product of the individual likelihood contributions. The individual likelihood contribution is the density for those artists whose exact date of birth and date of death were known. For the visual artists we accounted for the interval censoring described above, see [@pone.0082721-Rijksbureau1] or the appendix. Based on the estimated parameters the life expectancy, *LE~50~*, at age 50 can be approximated very well [@pone.0082721-Lenart1].where γ≈0.57722 is the Euler-Mascheroni constant. The variance of the life expectancy at age 50 can be approximated using the delta-method, the standard method in econometrics to obtain the distribution of a nonlinear combination of parameters [@pone.0082721-Cameron1]. Using the estimated *LE~50~*\'s and their variance we calculated, for each cohort period and for each of the three artist-groups, the difference of the artist life expectancy with the life expectancy of the elite group (assuming independence the variance of the difference is the sum of the variances).

Results {#s3}
=======

We included 12,159 male artists from three different disciplines who were born between 1700 and 1899. The numbers are summarized in [table 1](#pone-0082721-t001){ref-type="table"}. In total 1,153 acoustic, 505 literary and 10,501 visual artists were included. The elite group consisted of 5,925 individuals, born in the same time period. The majority of the individuals (32--69%) were born between 1850 and 1899. Historical data on people from the middle class were only available for the most recent birth cohorts, born after 1850. In total we studied 1,077 individuals from the middle class of that time.

10.1371/journal.pone.0082721.t001

###### Characteristics of study population.

![](pone.0082721.t001){#pone-0082721-t001-1}

                            Acoustic artists   Literary artists   Visual artists      Elite      Middle class
  ------------------------ ------------------ ------------------ ---------------- ------------- --------------
  **Total n(%)**              1,153 (100)         505 (100)        10,501 (100)    5,925 (100)   1,077 (100)
  **Year of birth n(%)**                                                                        
  **1700--1749**                 38 (3)             17 (3)           681 (6)        940 (16)    
  **1750--1799**                 72 (6)             45 (9)          1,303 (12)     1,424 (24)   
  **1800--1849**                243 (21)           130 (26)         2,797 (27)     1,676 (28)   
  **1850--1899**                800 (69)           313 (62)         5,720 (54)     1,885 (32)    1,077 (100)

We analysed the life expectancy at age 50 from the various groups of artist and first compared their life expectancy to that of the elite. [Figure 1](#pone-0082721-g001){ref-type="fig"} shows the life expectancy at age 50 for the birth cohorts from 1700 to 1749, 1750 to 1799, 1800 to 1849 and 1850 to 1899. From 1700 to 1899, there has been an increase in life expectancy in all groups. For the middle class, data were only available for the most recent studied cohorts, in the figure this point estimate is shown as a *star*.

![Life expectancy at age 50 of male artists (acoustic, literary and visual), the elite born between 1700 and 1899 and the middle class born between 1850--1899.](pone.0082721.g001){#pone-0082721-g001}

Next, we tested whether the life expectancy of the artists was different from that of the elite. [Table 2](#pone-0082721-t002){ref-type="table"} shows the life expectancies at age 50 of artists and elite, the standard errors and tests of significance. Before 1850 artists had a similar life expectancy at age 50 when compared to the elite of that time, except for the visual artists, who had a significant lower life expectancy at age 50. In the most recent period from 1850 to 1899, this pattern reversed and acoustic and literary artists had a significant lower life expectancy at age 50 than the elite. Visual artists and the elite had a similar life expectancy at age 50 of almost 25 years after 1850. Only for the latest period, data of a middle class population were available. During that period, the middle class had an average life expectancy at age 50 of 22.6 years. The various artists had a higher life expectancy than the middle class at that time, although this reached only significance in the largest group of visual artists.

10.1371/journal.pone.0082721.t002

###### Life expectancy at age 50 (LE50) of artists compared to the life expectancy at age 50 of the elite, who were born between 1700--1899 and to the life expectancy at age 50 of the middle class who were born between 1850--1899.

![](pone.0082721.t002){#pone-0082721-t002-2}

  Year of birth     Acoustic artists   Literary artists   Visual artists   Elite   Middle class                                                
  ---------------- ------------------ ------------------ ---------------- ------- -------------- --------- ------------ --------- ------------ ------
  **1700--1749**       14.5 (2.9)            0.07           20.8 (2.1)     0.17     17.1 (0.6)     0.02     18.7 (0.5)    ref.                 
  **1750--1799**       19.5 (1.4)            0.16           17.8 (2.1)     0.46     16.5 (0.5)    \<0.05    18.0 (0.4)    ref.                 
  **1800--1849**       17.9 (1.0)            0.14           18.3 (1.4)     0.31     15.5 (0.4)    \<0.001   19.0 (0.3)    ref.                 
  **1850--1899**       22.7 (0.6)           \<0.05          23.1 (0.7)     0.02     24.4 (0.2)     0.23     24.6 (0.3)    ref.                 
  **1850--1899**       22.7 (0.6)            0.43           23.1 (0.7)     0.26     24.4 (0.2)    \<0.001   24.6 (0.3)   \<0.001   22.6 (0.4)   ref.

Discussion {#s4}
==========

Between 1700 and 1849 acoustic and literary artists had a similar life expectancy at age 50, when compared to the elite population of the Low Countries. Only visual artists had a lower life expectancy at age 50 in these birth cohorts. This is striking, since artists belonged predominantly to the middle socioeconomic class [@pone.0082721-VanPoppel1], [@pone.0082721-Salmen1]. In cohorts born after 1849 acoustic and literary artists had a lower life expectancy compared to the elite, while visual artists enjoyed a similar life expectancy when compared to the elite. Unfortunately, historical data on the middle class population has not been documented. Only for the most recent birth cohorts we have found data, which showed that artists lived longer than the middle class, but this reached only significance in the largest group of visual artists.

Our study differs from a previous study, in which artists were found to have a lower survival compared to popes [@pone.0082721-Carrieri1]. Others have shown that visual artists had a relatively high life expectancy, when compared to the elite of their time, which is in line with our observations [@pone.0082721-VanPoppel1]. We studied different groups and types of artists and found that not only visual, but also, other artists had a similar life expectancy as the elite. Although there are differences between the group sizes of the various artist types, this is the first time that the historical life expectancy of different artists is studied in relation to each other and the elite population. However, whether the observed differences are related to the practicing of art or due to socioeconomic status, selection effects or other characteristics of artists remains to be further studied.

During the studied period from 1700 to 1899, life expectancy increased for both artists and the elite. Possible mechanisms that have driven this increase in life expectancy could be improvements in living conditions, better hygiene and public health [@pone.0082721-Omran1]. From 1850 onwards, with the epidemiologic transition, the increase in life expectancy is known to be especially driven by improvements in wealth and public health [@pone.0082721-Omran1]. Up to 1850, visual artists were the only artists having a lower life expectancy than the elite in our study. Earlier it has been shown that painters have a lower life expectancy than sculptors, which was attributed among other factors to differences in exposure to toxic materials [@pone.0082721-VanPoppel1], [@pone.0082721-Dobson1]. This could partly explain the observed lower life expectancy of visual artists in our study, since the visual artist group consisted primarily of painters (81.7%). Additionally, it is possible that other factors, such as differences in terms of educational level, socioeconomic status or familial background could be behind the difference in life expectancy between visual artists and other artists groups.

It is tempting to hypothesize about possible mechanisms behind our findings. Socioeconomic status is strongly linked to life expectancy [@pone.0082721-Marmot1]. Even today, rich people outlive poor people by seven years in the Netherlands [@pone.0082721-Centraal1]. How socioeconomic status was related to life expectancy in the past is however debated [@pone.0082721-Birchenall1]. Historical data suggest that socioeconomic status was not linked to life expectancy as today [@pone.0082721-Bengtsson1]. By contrast, contemporary data from a rural population in Ghana, have shown that even under those adverse conditions, individuals with a higher socioeconomic status have a considerable survival advantage [@pone.0082721-VanBodegom1]. In our dataset, there is no information on the socioeconomic status of the individual artists. Little is known in general about the socioeconomic status of artists in historical times, but prior to the industrialization artists usually descended from middle class families [@pone.0082721-VanPoppel1], [@pone.0082721-Salmen1]. Detailed studies on the socio-economic position of visual artists in the first half of the nineteenth century in the cities of Dordrecht and The Hague, have confirmed that the majority of the artists were able to live a rather comfortable life; the most successful were able to earn an income that was higher than that of the middle classes (artisans, merchants, public servants) they originated from [@pone.0082721-Hoogenboom1]. This picture is confirmed by the outcome of a study on the socio-economic position of the visual artists in the second half of the same century in The Hague and Amsterdam. It would seem that in this period the visual artists were quite successful in climbing the social ladder [@pone.0082721-Stolwijk1]. In the 18^th^ century, the income of musicians was not sufficient to make a living. Some musicians therefore, additionally worked in other professions too; in our study 34% of the acoustic artists were having another profession next to their artistic career. Literary artists also belonged to the middle class in economical terms. Only from the end of the 19^th^ century onwards, by industrialization of book printing techniques, their socioeconomic status improved [@pone.0082721-VanLente1].

The low life expectancy among the middle and lower class has been related to poor sanitation, malnutrition, overcrowding, polluted water, less access to health care and living in unsafe and unhealthy conditions [@pone.0082721-Haines1]. It is important in this respect that most artists lived in urban areas where their audience and clients lived. Here, poor sanitary conditions and epidemics of infectious diseases used to cause high mortality [@pone.0082721-VanPoppel1]. This makes it especially striking that the life expectancy of most artists was similar compared to the higher classes with much better living circumstances. After the industrialization, the mass production of cheaper products led to an increased access to musical instruments for people of lower classes. Additionally, living conditions in the cities deteriorated and these processes could have contributed to the lower life expectancy of artists compared to the elite born in the period after 1850 until 1900 [@pone.0082721-Birchenall2].

Others have studied several mechanisms through which artistic creativity could have an effect on health and ageing [@pone.0082721-Brodzinski1]--[@pone.0082721-Petrie1]. Some have found that art and music interventions can enhance bodily control or improve pain management [@pone.0082721-Cohen2]. In addition, it reduces stress and anxiety with consequent effects upon heart rate, respiration, blood pressure, brain function and immune response [@pone.0082721-Teng1]. Singing for instance, has been found to increase certain chemicals, such as endorphins (natural pain killers) and immunoglobulin A (immune function), which enhances the pulmonary work out, oxygen intake and increases circulation [@pone.0082721-Bernardi1]. Moreover, music distracts one from feelings of illness, gives patients sense of control and lowers their blood pressure [@pone.0082721-Cohen2]--[@pone.0082721-Bernardi1]. Also, music has been found to boost the immune function [@pone.0082721-Kuhn1], increase cognitive function [@pone.0082721-Mammarella1] and improve memory performance [@pone.0082721-Patston1], concentration and attention [@pone.0082721-Patston1]. Music increases physical performance by increasing psychological arousal, reduces feelings of fatigue and improves motor coordination [@pone.0082721-Bernatzky1], [@pone.0082721-Rosenkranz1]. Studies on visual arts revealed similar results, such as reducing anxiety, improving vital signs, diminished cortisol levels related to stress and improved sleeping patterns [@pone.0082721-Reynolds1], [@pone.0082721-Collie1]. In addition, creative writing such as poetry has been found to have beneficial psychological effects on coping mechanisms for depression and increases the likelihood that patients can stop their antidepressants [@pone.0082721-Pennebaker1]. Finally, it can boost the immune system and improve pain control [@pone.0082721-Esterling1], [@pone.0082721-Petrie1].

We analysed a unique cohort with artists from three different disciplines over a long time span from 1700 till the end of the next century. The Low Countries form an interesting case to study the effect of arts because of their rich tradition in artistic creativity [@pone.0082721-VanPoppel1]. A limitation of our study is that the historical records contained very few women and hence, we have only studied the life expectancy in men. Furthermore, it is possible that our database contains only the artists who survived long enough to have the opportunity to become well known and for that reason also well documented. In this case our observations would be partly explained by survivor treatment selection bias. However, we have tried to overcome this problem by studying life expectancy at age 50.

All in all, we have found that in cohorts born before 1850, acoustic and literary artists had comparable life expectancy as elite groups, despite belonging to middle socioeconomic class and living in urban areas with poor living conditions. Only visual artists had a lower life expectancy compared to the elite. From our historical analysis, we hypothesize several mechanisms through which artistic creativity could influence ageing and life expectancy. These hypotheses, however, should be formally tested before any definite conclusions about the effects of arts on ageing can be drawn.
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